The complete and irreducible representation of tensor function, contains a non-linear constitutive equation of general and coordinated invariance form, and rules for the number and type of the introduction scalar variables, and has also been clear about the independent elastic and elasto-plastic tensor forms. In addition, the material of symmetry (voigt symmetry, isotropic, anisotropy, crystal symmetry, etc.) limits the tensor form in the constitutive relation, and rules for the numbers of independent components in elastic and elasto-plastic tensor functions. On the basis of the symmetry, the numbers of 2n order independent elastic constants and elastic-plastic constants of isotropic, anisotropic, orthotropic materials are derived. It will lay the foundation for further research on elasto-plastic constitutive equations which are complete and irreducible for isotropic, anisotropic, orthotropic materials.
INTRODUCTION
Elastic constants and elasto-plastic constants reflect the inherent physical properties of the materials, and are important mechanical parameters of the material properties. Many scholars studied elastic constants of materials in the process of establishing the constitutive equations. For example, Zerilli and Armstrong [1, 2] , who established constitutive model based on the theory of dislocation dynamics. Their model has been widely used in engineering, and the material constant numbers in the constitutive equation of the FCC and BCC metals are different. Another case in point is Chen Cen [3] , who studied the single crystal elastic constants and polycrystalline elastic constants in the process of establishing a polycrystalline metal constitutive model. Thus it can be seen that it is important to study the elastic constants in the process of establishing constitutive equation. In recent decades, with the development and application of new materials, calculating elastic constants of new materials are becoming the focus of many researches [4] [5] [6] [7] [8] [9] . The elastic constants of a given material can be measured or calculated [10] [11] [12] [13] [14] [15] [16] . Measurement is usually conducted by the following methods: Ultrasonic method ________________________ [17] , the method based on Digital Speckle [18] , and so on. While Analytical method [19] , Molecular Dynamics Simulation method [20] , Ab Initio algorithm [21, 22] , Tensor method [23] are generally adopted in calculation methods. The basic idea of the analytical method is that the elastic constants are mainly dependent on temperature and pressure, and the dependence is fixed, and can be determined by analyzing the data of the normal temperature and atmospheric pressure. Molecular dynamics simulation method is based on the intrinsic dynamics within the system of law to determine the transformation configuration, individual motion of each particle tracking system, and according to the laws of physics, gives the relationships between microscopic quantities (molecular coordinates, velocity measurement) and macro quantities (considerable temperature and pressure, elastic modulus). Ab initio methods include quantum Monte Carlo method, ab initio method based on density functional theory, ab initio molecular dynamics method, etc. All above methods have good results in obtaining the specific material constants, while they are unable to predict the elastic constants and elasto-plastic constants of a large class of material without testing by experimental measurement. The complete and irreducible representation of tensor functions, includes the nonlinear constitutive equation and the form of uniform and consistent invariance, and defines the number and types of scalar variables, and defines the independent elastic tensor form. In the process of establishing the model of nonlinear orthotropic material, transversely isotropic and isotropic materials, the tensor function is very effective. In this paper, we study the elastic and elastic plastic constants of the constitutive equation. According to the symmetry, the anisotropy material constants, the anisotropy with one symmetry plane material constants, the orthotropic material constants and the isotropic material constants are derived especially in the elastic stage and the elasto-plastic stage. These constants are complete and irreducible. It is the foundation for the further determination of the elastic plastic constitutive equation.
TENSOR FUNCTION
The independent variable is a function of the tensor is called tensor function. If the function value is a scalar, vector or tensor, the function is called a scalar valued tensor function, a vector valued tensor function or a tensor valued function:
If one kind of material, the constitutive relation is only dependent on the deformation gradient history, which is called a simple matter, the constitutive equation can be expressed as:
If the general deformation history of the material is not related to its past history, it only depends on the current deformation gradient, is called "elastic material":
We study the tensor function, in which the independent variable is E and the corresponding dependent variable is K : 
We assume that: 
We assume that   ( =1, 2, 3)
is a natural basis vector for the right-hand Descartes coordinate system. Thus, Eq. (7) can be expressed as:
e e e e ee (8) Where kl, mn, op, and qr are summation indices, and ij is the free index.
2N ORDER ELASTIC TENSOR AND ELASTO-PLASTIC TENSOR
The tensor function representation theory [24] plays an important role in describing the mechanical behavior of the material, and the symmetry of the material defines the form of the tensor function of constitutive relation, which provides the form of tensor function and specifies the number of independent constant variables in the constitutive relation. Through the study of symmetry, we can deduce the number of 2n-order independent components in the elastic phase and the elastic plastic phase of the anisotropic materials.
Physical definitions are given for Eqs. (7) and (8), namely, the expressions of the conjugate strain variable E (Lagrange strain) and conjugate stress variable K in natural state (
), E and K are both symmetrical, such that the 2n-order elastic tensor, 2n-order elasto-plastic tensor C (n=2,3,4…) are symmetrical as well. Therefore, the relationship between stress and strain can be expressed as
:: ::: ::::
The independent and dependent variables exhibit the following relationship because E and K are both symmetric: 
ELASTIC AND ELATO-PLASTIC CONSTANTS OF ISOTROPIC MATERIALS
Elastic Stage:
are components of C which is 2n-order elastic tensor.
(2) The indices k and l, m and n, o and p, q and r, i and j are symmetric. Each can swap positions with the other index.
(3) (k,l) is also symmetrical with (m,n), (o,p), and (q,r). (k,l) can also entirely swap positions with the other three indices. The 2n-order elastic tensor C exhibits Voigt symmetry. The components of C can change the corresponding free index with summation indices.
Theorem:
For an incremental E of any given variable E , a strain energy increment W  ,
W K E , where K is the corresponding conjugate stress tensor of E . The components of the 2n-order elastic tensor must exhibit Voigt symmetry to fulfill the sufficient and necessary condition of strain energy function W, such that:
Prove: We assume that:
Only the first two variables in Eq. (7) are considered, and this equation is expressed in component form as:
If
, then a total differential dW must exist, which gives 
The strain energy function is obtained after the integral of Eq. (14)
The necessary is proven. If
 is correct, a total differential dW that satisfies the following equation must exist: 
The sufficient is proven.
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Elasto-plastic Stage
The 2n-order elastic tensor C of isotropic materials does not exhibit Voigt symmetry. The C component cannot change the corresponding free index with summation indices.
To facilitate the mathematical operation, we use the abbreviated symbol 112233122331 123456
, which is a definition of the subscript, 1-11, 2-22, 3-33, 4-12, 21, 5-23, 32, 6-13, 31 . In this case, six elements (1, 2, 3, 4, 5, 6 ) are in the components of the 2n-order elastic tensor C .
We can derive the numbers of the 2n-order elastic tensor of isotropic materials in the elastic stage with the use of a symmetry study. We can also derive the numbers of the 2n-order elasto-plastic tensor in the elasto-plastic stage. One type of 2n-order elastic, independent elasto-plastic component of the isotropic material and the numbers of the independent components are shown in the table below. As we can see from Table 1 , the numbers of independent components in the elastic stage are the same as that of the complete elastic constants, and the numbers of the independent components in the elastic plastic stage is the same as that of the complete elasto-plastic constants. In the linear elastic stage, the isotropic materials have two independent elastic constants (which are elastic modulus "E" and Poisson's ratio  in Hooke's Law). In the elastic stage, isotropic materials have 14 independent elastic constants and 21 independent elasto-plastic constants in the elasto-plastic stage.
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ELASTIC AND ELASTO-PLASTIC CONSTANTS OF ANISOTROPIC, ANISOTROPIC WITH A PLANE OF SYMMETRY AND ORTHOTROPIC MATERIALS
Calculation of Independent Components in Elastic Stage
Elastic stage: ox x be the plane of symmetry, the elastic tensor components without using the simplified notation subscript have the following rule: components are zero in which subscripts number 3 is odd number. At this time, odd number of 3 in the short way can be equivalent with odd number 5, 6. Subscripts of the components which have odd 5, 6 mean that the components are zero. Calculation formula for the number of independent components of anisotropic material with a plane of symmetry in the elastic stage is:
Where: each item only takes positive value, and 2,3, 4, n＝ . If a material has three orthogonal properties of the material properties, the material is called orthotropic material. The elastic tensor components without using the voigt notation have the following rule: The components are not zero when their subscript numbers are even pairs, and the components are zero when their subscript numbers are odd pairs. Calculation formula for the number of independent components of orthotropic material with a plane of symmetry in the elastic stage is:
Where: each item only takes positive values, and 2,3, 4, n＝
Calculation of Independent Components in Elasto-plastic Stage:
Elasto-plastic stage:
The 2n-order elastic tensor C doesn't exhibit Voigt symmetry. The components of C cannot change the corresponding free index with summation indices.
C is called 2n-order elasto-plastic tensor . In the same way, calculation formula for the number of independent components in the elasto-plastic stage can be obtained by using weight combination formula, Voigt symmetry, and the properties of the material. The number of independent components which is 2n order elasto-plastic tensor of anisotropic material with a plane of symmetry is:
Where: each item only takes positive value, and 2,3, 4, n＝ . The number of independent components which is 2n-order elasto-plastic tensor of anisotropic material is: 2  2  2  2  2  2  2  2  2  2  1  1  2  2  1  2  3  4  3   2  2  2  2  2  2  2  2  2  1  -4  2  3  -6  3  -5  8  4   3   2  2 2 .
Where: each item only takes positive value, and 2,3, 4, n＝ . The independent components of the 2n-order elastic tensor and elasto-plastic tensor are shown in Table 2 : It's the same that the number of independent components in the elastic stage is the same as that of the complete elastic constants, and the number of the independent component of the elastic plastic stage is the same as that of the complete elastic plastic constants. It can be seen that in the linear elastic stage, the anisotropic material has 21 independent elastic constants, and the orthotropic material has 9 independent elastic constants in Table 2 . The constitutive equation can be expressed as Eq. (22): 
With the increase of physical nonlinear order, the number of the elastic, the elasto-plastic constants increase as the law showed in the formula and the Table 1  and Table 2 .
CONCLUSION
(1) For "elasticity body", the 2n-order elastic tensor C exhibits Voigt symmetry, while the 2n-order elastic tensor C doesn't exhibit Voigt symmetry. (2) According to the symmetry of isotropic materials, we can prove that the components of 2n order isotropic elastic, elasto-plastic tensor are equal to zero when n>5. Thus, for a large number of isotropic materials, 14 complete and irreducible elastic constants are in the elastic stage, whereas 21 complete and irreducible elasto-plastic constants are in the elasto-plastic stage. The independent elastic constants of a certain isotropic material should use the minimum number of constants that can be observed from the experiment.
(3) For anisotropic and orthotropic materials, with the increase of physical nonlinear order, the number of the elastic, the elasto-plastic constants increase as the law showed in the formula and the table 1 and 2.
(4) In this paper, the elastic and elastic plastic constants are derived strictly according to the law of mathematics and the law of symmetry, its number is complete and irreducible.
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